If, however, the variations in both composition and pressure can be determined as functions of time at constant temperatu·re, a dynamic method for pressure measurement can be used to obtain pressure-vs-composition data in single-phase reg:;.ons of arbitrary compositions. The mass spectrometer should be especially suitable for obtaining such data, because with a mass spectrometer continual records of the partial pressures of all species in a complex vapor can be obtained. But apparently no experimental· evaluation of this use of the mass spectrometer has been made.·
The principal purpose of this paper is to report the results of such an " evaluation.
The indium sesquisulfide phase was chosen for study (a) because the partial pressures of the two major vapor species at the composition of 3 congruent sublimation were accurately known as a function of temperature, (b) because the vapor pressure range is a convenient one for study with a high temperature mass spectrometer, and (c) because our preliminary investigations revealed the indium sesquisulfide phase to have a relatively wide solid solution range at high temperatures. As a preliminary to the mass spectrometer inves"dgations, x-ray-vs-composition studies were made to establish the stable phas...es to be expected at 600 to sooo C. and of a second phase. The second phase was obtained pure by quenching a sample in the mass spectrometer at a composition for which the ion intensities were rapidly changing with time.
I
The diffraction pattE~rn of the second phase agreed in spacing and
. approximate intensities with the pattern of a phase previously reported to have the approximate formula In 5 s 6~
5 but-~he present study indicates a composition somewhat richer in indium. We will call the phase Ins 1 . 12 in this paper. As a test of the reliability of our mass spectrometer studies, variations of ion intensities with temperature at the congruent composition were measured for comparison with our previous weight-low measure- whenever an air leak dev2loped in the vacuum system, even though the ' . -6 residual pressure was le.ss than 10 torr. The ion InGaS+ was seen when indium sesquisulfide was heated subsequent to several runs during which large amounts of GaN had been vaporized in the mass spectrometer. These ions were at negligible intensities during the studies reported in the remainder of this paper.
Pressure -vs ..;Composition Data from Ion Intensity vs Time. ---
Provided that the intensity of an ion that is produced from each major vapor species can be followed as a function of time at constant tempera tu:re, a pressure-vs -composition plot can be derived.
The pressure P. at any given time is related to the intensity I. by l l the equation P. = U I. T, where T is the absolute temperature and U is 1 1 a constant which is dependent on the ionization cross section of the vapor species and on the response of the electron multiplier to each particular kind of ion. (1) for congruent sublimation), P f is the partial pressure at t.he congruent sublimation point (i.e., the pressure that produced the meas.ured intensity" If L A is the orifice area in square crh, k is the Clausing correction, 10 and M is the molecular weight of the vapor species .. and (3) where po is the partial pressure at stoichiometry and x is the mole fraction of sulfur in the sc1lid phase. The simultaneous solution of (2) and )_1.
The compositions for congruent sublimation were calculated by the .method described to be 40. The results of an experiment in a fused-silica crucible to determine the variation in composition of congruent sublimation with temperature are summarized in Table IL\ , which shows the temperatures, in the sequence followed, at which the sample was held, and the initial and final (i. e., steady-state) intensity ratios of s; to In 2 S+ that resulted.
A value of 0. 6 to 0. 7 is characteristic of the s;/rn 2 s+ ratio for -L + congruent sublimation in our mass spectrometer. The high initial S2/In 2 S ratio obtained when the temperature was first dropped to 768°C. presumably resulted because the composition for congruent sublimation at 838° C was richer in sulf.ur than the composition for congruent sublimation at 768°C.
Similarly the composition for congruent sublimation at 726°C presumably ~ contains less sulfur than does the composition for congruent sublimation at either 768or 838°C. 
Pres~mably, at about 850° C the composition for, congruent sublimation under the steady-state conditions o~ our experiments coincides with the indium-rich phase boundary of the indium sesquisulfide soiid solution, · and at higher tempe.ratureE; the composition for congruent ':aporization moves to about InSl. 3 or InSl. 2 in the liquid solution range.
Samples whose initial compositions corresponded to InS were heated to 600°, 650°, 700°, and 750°C in the mass spectrometer long enough to move. their compositions into the two-phase region between the InSl. 12
and indium sesquisulfide phases. The pressure -vs -composition plots derived from these data a.ce presented in Fig. 3 . At 750° C only the pressures in the two-phase region are known because the weight of the sample was not measured.
DISCUSSION
Our diffraction pattErn -vs -composition study indicates that a singlephase region extends fro1T about InSl. 5 on the sulfur-rich side (the limit depends on the sulfur preEsure and the temp2rature) to about InS 1 ,..,r-: at· 
The results are. shown :Ln Fig. 4 as solid lin.es.
Tl1e slope of· a 6F 0 -vs -composition plot for (5) The heatof formation was calculated from the free energy of formation (8) and these entropies. A nearly constant value of bH = -26. 5 ± 0. 3 kcal/ gat.
cir -53 .. 0 ± 0. 6 kcal/mole, was obtained. . ' 
·.
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